Objective/Context: The free androgen index (FAI) is known to give erroneous results in men, but it is still a commonly used test for the investigation of hyperandrogenism in women. This study aimed to compare the results of the FAI with the gold standard equilibrium dialysis method for free testosterone in women.
| INTRODUC TION
Current clinical practice guidelines for the diagnosis and treatment of polycystic ovary syndrome recommend the assessment of hyperandrogenism with an initial measurement of total testosterone (T) using a high-quality assay. 1 When the testosterone is normal and hirsutism with clinical evidence of endocrine disorder is present, then assessment of free T, generally calculated from total T and SHBG, is recommended. A calculated free testosterone level is the single most useful, clinically sensitive marker of androgen excess in women, but there is no clear guidance as to the best way to measure free T.
The gold standard method is analysis of T using LC-MS/MS after a sample separation step with equilibrium dialysis to remove T attached to binding proteins (ED-T). Because equilibrium dialysis is impractical for routine use, several equations have been proposed to calculate clinically useful estimates of free T.
The free androgen index (FAI) uses the ratio of T to SHBG, 2 and the equations to calculate free T (cFT) involve the additional measurement of albumin [3] [4] [5] [6] and are based on the mass action law or empirically derived formulae. The FAI is popular in routine biochemistry laboratories because it involves only two measurements, and the ratio is simple to calculate and easy to report on laboratory computer systems. It has been reported that the FAI appears to be the better diagnostic marker to distinguish hyperandrogenism in patients with PCOS when compared to total T. 7 However, the value of the FAI in men has been questioned, 2, 8 and studies on the use of different methods for calculating free T in men show that the free androgen index tends to overestimate calculated free T when the SHBG concentration is low. 9 As a result of this, the FAI is not used to assess T status in men but it is still commonly used in the investigation of hyperandrogenism in women 10 and is still used in clinical studies. [11] [12] [13] To our knowledge, the relationship between FAI and calculated free T, at the lower extreme of SHBG concentration, has not been fully investigated in women.
| ME THODS
Serum samples were taken from patients with polycystic ovarian syndrome (n = 130), female (n = 53) and male (n = 120) controls with no known endocrine disorder and measured for free T and total serum T. and 104%. 16 SHBG was measured using the Roche Modular assay according to the manufacturer's instructions. The SHBG interassay CV was 2.6% at level of 23 nmol/L Calculated free T was determined using the Vermeulen equation, 6 adapted by Ho et al 9 where T and S are testosterone and SHBG concentrations, respectively (nmol/L), and N = 0.5217(albumin) +1, using the association constants of testosterone for SHBG and albumin quoted by the authors.
Free androgen index was calculated using the equation:
The results were separately confirmed in a much larger group of women (n = 20 124) attending Wythenshawe Hospital for the routine investigation of hyperandrogenism, over a ten-year period from
March 2005 to March 2015. All samples had T measured using a validated LC-MS method, 17 and SHBG measured using the Abbott
Architect immunoassay (CV = 5.1%, 6.2% and 5.0% at concentrations of 9, 25 and 150 nmol/L) from which the FAI was calculated.
These samples had not previously been analysed for serum albumin, so a standard concentration of 43 g/L was used in the retrospective calculation of the Vermeulen equation.
| RE SULTS
For the samples analysed at the University of Ghent, the ratio between cFT and ED-T was constant across all concentrations of SHBG in women ( Figure 1A ) and men ( Figure 1C ). The ratio between FAI and ED-T was found to increase at lower concentrations of SHBG in women ( Figure 1B ) and men ( Figure 1D ). The ED-T is a direct assay which is analytically unbiased but results in a less perfect correlation with calculations (whether it FAI or cFT). Some of the noise in the Figure 1A 
| D ISCUSS I ON
Previous studies examining the relationship between SHBG and FAI in women employed relatively few samples and did not use equilibrium dialysis as the gold standard for free T estimation.
5,18
Using equilibrium dialysis to measure free T, it was found that the FAI was not an accurate indicator when SHBG binding was low. An implied assumption of the FAI was that the binding capacity of sex hormone binding globulin should greatly exceed the concentration of its ligand testosterone. 19 If this assumption is true, then the ratio FAI/free T should remain constant because FAI reflects
free T, but the ratio was actually found to vary by as much as a factor of 2. A low SHBG is not an uncommon finding in women. The reference range for SHBG overlaps with the male range at low SHBG concentrations, and in many patients with hirsutism and/or PCOS, SHBG concentrations are low. 20 In addition, SHBG levels are lower with increasing obesity 21 are reduced in type 2 diabetes (T2DM) 22, 23 and in patients with metabolic syndrome. 24 It is known that low levels SHBG are an important marker of insulin resistance and of future risk of diabetes, 25 but the ramifications of a low SHBG concentration are also important in the assessment of hyperandrogenism. We have found from a large cohort of samples, assessed for T status in our laboratory over a 10-year period that 20% of women had an SHBG concentration less than 30 nmol/L. Using the FAI results generated from these samples would give misleading information in a large number of women being investigated for hyperandrogenism. The results generated in this way would also skew the data presented in the many clinical studies using FAI as a marker for hyperandrogenism in women with PCOS.
There is a drive to measure the low concentrations of T found in women using highly specific methods such as LC-MS/MS. It would therefore seem pointless generating highly accurate results for T if these are then converted into a much less accurate ratio. A particular strength of the study was the use of high-quality LC-MS/MS methods for the measurement of testosterone. This is important because there are important methodological issues in relation to the still used immunoassay techniques for measurement of testosterone, because DHEA-S or one of its metabolites significantly interferes in the testosterone immunoassay when at higher concentrations. 26 We report a discrepancy between FAI and the gold standard measurement for free T in women, when the SHBG concentration is low, and we would caution the use of the FAI in these cases. In our view, it would be better to use the calculated free T because of its better agreement across all SHBG concentrations with the equilibrium dialysis method.
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